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Effects of Air Dried Sewage Sludge Leachate After Remediation on Initial Growth and Heavy Metal Accumu—

lation of Lolium perenne

SHEN Zhi-ping, DUO Li-an, ZHAO Shu-lan”

(College of Life Sciences, Tianjin Normal University, Tianjin Key Laboratory of Animal and Plant Resistance, Tianjin 300387, China)
Abstract:In our previous study, a column experiment with horizontal permeable barriers was conducted to investigate DTPA —assisted phy—
toextraction of heavy metals by turfgrass from air dried sludge and associated heavy metal leaching. Thus, large amounts of leachates con—
tained excessive heavy metals were obtained. In order to avoid the leachate pollute the environment and to utilize it, Lolium perenne was cul—
tivated by the leachates and the effects of the leachates on initial growth and heavy metal accumulation were investigated. The results showed
that the leachates were rich in inorganic mineral nutrients for plant growth. Compared to the control, the leachate obtained from the treatment
of 20 mmol kg™ DTPA in the absence of turfgrass planting significantly inhibited seed germination, delayed germination peak and decreased
aboveground biomass. But there was no significant differences between other treatments and control. All leachate treatments significantly in—
creased chlorophyll content, which is increased by 91.2% in the leachate from the treatment of 10 mmol kg™ DTPA in the presence of barrier.
For heavy metal accumulation, the leachates significantly increased Cd, Cr, Cu, Zn and Pb concentrations in turfgrass shoots and roots, espe—
cially the treatment of 20 mmol *kg™ DTPA in the absence of turfgrass planting. With respect to the same metal, metal concentration in root
was higher than that in shoot under the same treatment. The bioconcentration factor(BCF) of heavy metals for shoots showed the biggest for
Zn and smallest for Pb. However, BCF for roots showed higher for Cd, Pb and lower for Zn. Also, zinc showed strong transfer ability from root
to shoot among the five metals. It was considered that relative to the other four heavy metals, Lolium perenne could be selected as a potential
candidate for the phytoextraction of soil contaminated with Zn.
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1.1 SRaHH

P ZAFHE RZZ B (Lolium perenne ) N SEIRAEY) ;
15Uk AR AL E TR, AREF TR
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TERBITG R E /B LA, ik 6 b
B, 43024 : 0 mmol *kg™ DTPA+EZE( T ) ;10 mmol *
kg DTPA +8742 5 (11 );20 mmol kg™ DTPA +2&77 &
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mmol *kg™ DTPA+FEJZ+RFEH (V );20 mmol kg ™!
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SLIGRAR NS 11 em B9 PVC &, Fumdh—
JEZHA AU M, 75 20 em 1Y PVC B HEEREA
1000 g KB 4, 51, 2 A 750 g RS HE BT (XL
FrEe b LR R R 12, THRGEEER 8
em), BT 2 B 7ER 24 em 19 PVC & A0
RAFTAN—FE)Z (40 g BA7+40 g W £1+40 g 60
H BRI o B TALFEVIARFIAE 51, A 5 A PR
PVC B IR 1.0 g BB BRI, H B RK Dl . 55
FRIR E MK, DR A K TG . R Bk
30 d J& B EE 4531024 0.10.20 mmol *kg™ DTPA ¥ T
KR A LRI, 10 d J5 X, 25
2 d 1 300 mL A TR 755 — Rk . A SL 0 2%
T RHHIX 6.7 30 HBEK SN, DL 4 420 H 5ok
K H D g, SRATBLRIAR th B K itk e i , i
T BB E SR RIE TR . ARYER
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FIRSEALIR K, - HCL I8 pH 4 5.59. 7E25— Rk
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VLA 4 KT ISV SRR I S K 5 T R B SR 939

TR R 16~22 °C, AHXTEE R 369%~57% , HHRA N
HRAGHE, I HIh 30 d.
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WAL FR VL, BRI (P<0.05 ), Hofth 4% bk 35 i 4k
PR 2 AN 2 RIS 7~11 d, BRACBEVIZN , HoAb 4%
DR AL R b~ AR5 W IR LU 22 S A B o 1
REGERS, AFRVIFD 8 A BT B TR T 18%,
2 B2 A PRI T 0T B S BRI kA A BB
IAE R
23 ERAIENT BEE I FEYER M EEMNEN

SAFIM PR AL T, B it AR (T )
L 3, Jr 225 i B, B A R VIR 20K T X B (P<
0.05) A1, HoAl A Ik Ak BE o B ) 22 57 R g 2, 4%
WRTER AL BRI TC B 25 5

2 2B B S B B LB PR BB A AR KRS 1Y
FEFEAR, 4 A 0L, X REAH EL AR s
T R B 3 B A R R B s, HS A
225 B % (P<0.05),6 MR PR AL PR 2% 2 5 i L
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Table 1 Background of sludge leachate
NGIEGS AbEE T Kb TT ALFRI AbHETV APV ALFRVI

N & 8/% pH E . pH 7.22+0.03¢ 7.56£0.11a 7.20£0.09¢ 7.14£0.15d 7.35+0.06b 7.23+0.05¢
P KW ICE Fit/pg ml N 3.21+0.04d 9.34+0.24¢ 15.54+1.14b 11.74+0.59¢ 16.23+0.69b 25.52+1.45a
P 88.3%5.3¢ 122.3+8.1d 187.5+10.3¢ 151.0£6.8d 211.4+15.8b 241.2+10.3a

K 31571 588+12¢ 652+9d 772+20c 840+15b 939+34a

Mg 246x11e 484+24d 578+45¢ 51010d 630+10b 823+31a
Na 1350+10e 2034+19d 2659+19h 2432+45¢ 2745+87h 3377+109a

Ca 62319d 1014+13¢ 1553+23b 1135+56¢ 1577+48b 1789+25a

SMESET R/ g ml!  Cd 0.83£0.06f 1.98+0.08¢ 2.31x0.17b 1.24+0.03e 1.44+0.01d 3.69+0.78a
Cr 1.1920.08e 1.4720.11d 2.06+0.32b 1.16+0.09¢ 1.9420.11¢ 2.37£0.36a
Cu 18.23+2.75¢ 43.97+5.37¢ 59.67+4.10b 28.18+2.49d 40.74£2.23¢ 76.884.73a

Zn 7.78+0.98e 239+9¢ 288+20b 212422d 228+14cd 335+11a
Pb 7.30£0.31e 31.82+6.29¢ 49.96+5.18b 21.68+3.03d 47.28+5.01b 93.67+7.10a

0 R PRI R 22 57 B3 P<0.05.
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Table 2 Germination dynamic of L. Perenne under different treatments(numbers )
e EEUIEPS AV
4 5 6 8 9 10 11
CK 85+8.08a 116.7+3.28a 160+3.31a 158.7+£5.21a 161.3+4.50b 165.7+4.17a 166.+£3.12a 167.3£5.12a
AbFE T 71+3.51ab 103+3.71b 149.7+2.33ab 175.3+£3.38a 180+4.61a 181+5.56a 179.3+£3.25a 180+2.06a
ARFRTT 71+2.12ab 105.7+2.33ab 155+6.24ab 165.3+6.64a 167+2.33ab 173.7+£3.48a 171+£2.56a 169+3.76a
poszy|| 70+4.21ab 110+1.52ab 148+10.10ab 164.7+7.51a 168.7+5.20ab 173+2.08a 170.3+2.06a 172.7+4.69a
AV 71£3.02ab 107.3£2.96ab 150+3.21ab 162+3.51a 165+3.05ab 171£1.52a 173.7+4.13a 170+3.25a
JbV 74+5.08ab 111.03+4.04ab 140+5.33b 165+8.08a 172.3+5.70ab 177+3.50a 175+4.25a 173+3.20a
APV 60+3.21b 85.7+5.04¢ 93.7+£2.93¢ 107+2.08b 135+7.63¢ 132.3+9.38b 136.3+7.03b 137+5.05b
G (S B PN R TR RR 225+ B P<0.05.
®3 AERETEZENH FEWE
Table 3 Aboveground biomass of L. perenne under different treatments
gL CK SRR T pOELg|| ALFRTI SEPRTV AEFEV ALFRVI
i BT H/g- M 0.138+0.080a 0.133+0.031a 0.145+0.034a 0.141£0.041a 0.135+0.020a 0.136+0.062a 0.106+0.013b

T R P AR TREROR 225 B P<0.05.
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Table 4 Effect of different treatments on chlorophyll content of

L. perenne
e iﬂjﬂi?ﬁﬁ A
M4g a/mgrg” FW 42 bimg- g FW B4 /mg o ' FW
CK 1.79+0.21¢ 1.29+0.14¢ 3.08+0.33¢
AbFR T 2.470.11b 1.68+0.16hc 4.16+0.08cd
ARFRTT 2.96+0.16b 2.04+0.15ab 5.01+0.01b
pOszy|| 2.76+0.16b 2.03+0.03ab 4.79+0.19bc
AV 3.53+0.15a 2.35+0.11a 5.89+0.15a
ARV 2.54+0.17b 1.96+0.17ab 4.51£0.31cd
AbFEV 2.53+0.13b 1.41+0.11c 3.94+0.22d

1 RANESE P AR AR ROR 2 53 B2 P<0.05.

PRNIE SR SRR ESE 8, Fis
FE=AA Y Hb b 4 B N R A
AT R AR AR S M E R 5
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Table 5 Heavy metal concentrations and BCF values of L. perenne shoots under different treatments
pisei! Cd Cr Cu 7n Pb
H4EJE & H/mg kg CK — — 60.25+8.05¢ 147.08+42.44¢ —
AbB 3.27+0.13d 4.52+0.26¢ 65.17+8.23¢ 51.67+23.99d 22.25+5.43e
AbFR T 7.1920.46h 8.08+0.25h 190.92+19.22¢ 1 348.48+42.2b 99.08+6.3¢
AbFR I 10.02+0.54a 10.64+0.66a 223+27.81b 1558+43.59 148.75+9.08b
ARFRIV 5.67+0.19¢ 5.0920.11¢ 117.28+19.15d 1 283.2+50.4h 49.17+11.53d
ARERV 6.3720.32bc 10.16+0.60a 184.92+18.02¢ 1 377.2+58.32b 131.67+15.06b
ARBRV] 11.23+0.68a 8.14£0.21b 304.86+10.69a 1 627.1+38.21a 278+7.33a
HaREERL AhFE T 78.59+1.98ab 75.96+3.77cd 71.49+4.71b 132.82+7.34a 60.95+4.76a
AhER T 72.62+7.56ab 109.93+6.21a 86.84:4.49ab 112.84+8.83ab 62.27+7.54a
ARER I 86.75+4.76ab 103.30+3.13ab 74.74%3.09ab 108.19+6.07ab 59.54+4.93a
ARBRIV 91.45+5.03a 87.75+5.19hc 83.23+6.50ab 121.05+5.82ab 45.35£5.01a
ARERV 88.47+10.25ab 104.74+1.48ah 90.78+5.96a 120.80+10.56ab 55.69+5.95a
ARBEV] 60.86+5.75h 68.69+9.19d 79.30+5.32ab 97.14+1.72h 59.35+1.54a
1 : [R5 EScdh AN [ RS 22 53 ik 2 P<0.05.
Fo6 FARANETEZERBESGERRENMEERY
Table 6 Heavy metal concentrations and BCF values of L. perenne roots under different treatments
ib e cd Cr Cu Zn Ph
BEEJR T i/ mg kg CK — — 110.32 +7.32g 251+10.14e —
b 10.6320.65¢ 7.0320.36e 138.83 +8.67f 966.19¢ 86.58+7.02f
AhER T 21.83+0.88¢ 14.33+1.23¢ 427.08+11.64c 1836+44.6d 348.08+12.72d
ARBR T 27.43+0.64b 19.48+0.49h 499.5 +26.68b 2317+63.13b 502.83+22.31¢
JhFR TV 13.65+0.51d 11.45+0.59d 260+21.39€ 1677+38.67d 252.67+20.24e
AhBEV 18.35£0.65d 19.58+1.33b 340216.86d 1988+119.49¢ 579+10.01b
AbFRV] 38.400.55a 28.56+1.27a 767.25+37.84a 2704+109.72a 997.5+21.7a
HaEE R Jissil| 256.14+10.13a 118.156.11¢ 152.30+7.12¢ 246.78+15.27a 237.20+8.96a
AhER T 220.50+8.62hc 194.96+7.01b 194.25+8.31a 153.64+6.42h 218.78+11.62ab
SRR 237.48+6.58ab 189.12+9.42b 167.42+6.13bc 160.90+5.77h 201.29+5.90b
JhFR TV 220.16+6.48bc 197.41+8.02b 184.52:6.50ab 158.20+5.29h 233.09+10.86ab
AEBEV 254.86+7.62a 201.85£6.11b 166.91+7.85hc 174.38+8.08b 244.92+13.01a
AbFEV] 208.1327.05¢ 241.0127.31a 199.59+5.77a 161.43+13.30b 212.98+9.20ah

1 RSN ES AR A R R 22 57 13 P<0.05.
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B 4 S (] VB0, b RIS 00 R PR A 4 IR A R
B J2 A BELP AN AR T R T &8 1 o L i v
R IR B 7 — S o o 4 A ) At ) 5 an % R 1)



942 BRBESH
®7 EEEHARPREERTESE (ng-kg')
Table 7 Heavy metal contents in leacheate after remediation(mg-kg™)
4b T Cd Cr Cu Zn Pb
Qb3 ] 0.71+0.05e 1.09+0.11¢ 16.71 +1.23d 6.64+0.99d 6.59+0.43d
QbR TT 1.77+0.09¢ 1.28+0.06¢ 39.07+1.84¢ 210.27£17.2¢ 28.64+2.53be
ALFRTI 2.01+0.04b 1.80+0.10b 53.78+5.33b 253.29+13.59b 45.09+4.58b
ALFRIV 1.08+0.11d 1.02+0.07¢ 25.09+1.41d 184.95+8.4¢ 19.55+1.53¢
LhPRV 1.25+0.06d 1.69+0.11b 36.32+£3.95¢ 198.14+5.32¢ 42.24+5.26b
ALFRVI 3.44+0.18a 2.18+0.08a 70.73+9.69a 307.21+18.21a 86.91+8.53a

T - RIS Es sp AR P REROR 225 B2 P<0.056

DTPA 45, AR SZIG B b VI AN A A R i A K
Hoagland’s B SRR IG R B E B2 R AR B L H
4, MWHEPIERKIERE , AP I~ V ke iy
DTPA 5% BV A 2 LI JA 22 v g A K 7 A s il
DTPA fEF Ttk e th A RS E 4R & = W
W, AR 5 A, I T E AR R
BUE o A SRS 25 1 B2 o I RIARES d .
Cr.Cu.Zn F1 Pb &80, B3 5 T AN DTPA A4k
PRI, HARAR S Rt & T3 B3, ) A R
B, 76 L3 CdZn A P G TG PR FRAAF R A
T} 7n B0 & EAEY R R (EXF Cd Pb 1
WA IR, I ELXT 3 FhEE 4R g
WA B AR, AT A R0, B e |-
ERAARF AT Cd.Cr.CuZn A1 Pb 1Y & 5 REAEAH]
b PR JC ] S A (B[R] — b PR, A7 B E
XIS ) H 42 )R ' 2 R BRI Zn B0 K, Ph e/ M
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